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⑴ 2015 年 4 月，沉积物铁铝磷、无机磷、总磷三者呈显著正相关，生源磷
较高的矿化效率是主要原因；沉积物的总有机碳、总磷、盐度、含水率互相之间
几乎都呈现一定的正相关，有机质化学组成、阳离子交换作用、循环海水的渗透
等是主要影响因素； 2015 年 12 月，沉积物中总磷与总铁含量较 4 月明显增加，
沉积物来源的差异是主要原因；河流径流量的减少使得沉积物盐度出现一定的升
高；生物扰动的减弱使总磷在垂向上分布趋于稳定，以及各磷形态相关关系比 4
月份更加明显；其余沉积物理化特征相关关系与 4 月份相似。 
⑵ 沉积物和孔隙水的相互作用对孔隙水中 Fe2+、DRP 浓度有显著影响。在
还原条件下，沉积物总铁和总磷含量对孔隙水 Fe2+和 DRP 浓度有明显的控制作
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磷比值越高，孔隙水中 DRP 浓度越低。 
⑶ 两个季节氧化带深度从高潮位置至低潮位置（即A 到 B到C）依次变浅，
表明潮水周期性淹没的时间对表层沉积物氧化带的深度影响显著，生物扰动的季
节差异也对氧化带深度变化有影响。在氧化条件下，4 月 A、B 处表层沉积物极
低的铁磷比使得沉积物缺乏足够的吸附位点，对孔隙水 DRP 的吸附能力有限，




⑷ 循环海水排泄是研究区主要的 SGD 形式，估算波浪与潮汐引起的循环海
水通量分别为 5.73dm3/(d·m2)、127.13dm3/(d·m2)，潮汐驱动的循环海水量远大于
波浪，这与研究区泥质潮滩的低渗透系数和较大的潮差有关。4 月磷平均入海通
量高达 7.31 mg/(d·m2)，而 12 月磷平均入海通量仅 0.397 mg/(d·m2)，这与 4 月的
高生产力以及多种生物共同作用下的高矿化率有关。另外，通过计算磷的分子扩
散通量，发现 4 月和 12 月的平均值分别为 18.19μg/(d·m2)、12.12 μg/(d·m2)，远
小于循环海水输入的磷通量，说明循环海水是泥质潮滩磷营养盐入海的主要途径。 
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ABSTRACT 
   Phosphorus is the restrictive factor of marine biological growth as a kind of 
important nutritional elements. Iron is a redox sensitive element. Iron oxide is the 
main factor controlling phosphorus adsorption in sediment. Phosphorus and iron 
plays an important role in adjusting the aquatic environment quality and 
biological productivity. In addition, the infiltration and exudation of circulating 
seawater not only affect the physicochemical characteristics of sediment and 
porewater, but also play an important role in the material exchange between land 
and sea as a main type of submarine groundwater discharge in muddy coastal 
zone. Therefore, the study of biogeochemical processes of phosphorus and iron in 
sediment - pore water - sea biogeochemical processes in the three-phase systems, 
as well as study of hydrogeochemical process of circulating seawater and 
estimation the flux of nutrients phosphorus into the ocean have important 
scientific meaning for enriching biogeochemical research of mangrove area and 
circulating seawater research in muddy coastal. 
This paper is supported by the project of submarine groundwater discharge 
(SGD) about its geochemical processes, material transport, contribution and 
impact on the ocean(41372242), which belongs to the National Natural Science 
Foundation of China. ZrO-Chelex diffusion gradient thin film technology(DGT) 
was used to in situ study the high-definitionly concentration of phosphorus and 
iron in porewater. Found on this, distribution, variation and coupling of 
phosphorus and iron in porewater of mangrove tidal flat was investigated. The 
factor of Physicochemical characteristics in sediment, circulating seawater, 
biological productivity and activity was also analysed to study the impact of 
phosphorus and iron in porewater. The flux of circulating seawater and 
phosphorus nutrient into the ocean was calculated. Get the following points: 
   ⑴ In April 2015, Fe/Al-bound phosphorus, inorganic phosphorus and total 















composition of organic matter, cation exchange, penetration of circulating sea 
water and so on are the main influence factors; In December 2015, the content of 
total phosphorus and total iron in sediment was significantly increased compared 
with April due to different sources of sediment. Salinity in sediment appeared to 
rise due to decrease of river runoff; Distribution of total phosphorus in the vertical 
and the correlation between phosphorus forms tends to be more stable and 
obvious in April due to the weaken of bioturbation. Correlation between the rest 
properties of sediment is similar to April. 
⑵ Concentration of Fe2+ and DRP in porewater was effected by interaction 
between sediment and porewater. Concentration of Fe2+ and DRP in porewater 
was effected by the content of total phosphorus and total iron under the 
deoxidization condition. That is to say concentration of Fe2+ and DRP in 
porewater is proportional to the content of total phosphorus and total iron in 
sediment. Concentration of DRP in porewater was effected by the relatively 
content of total phosphorus and total iron under the oxidizing condition. That is to 
say concentration of DRP in porewater is inversely proportional to the ratio of 
Fe/P in sediment. 
⑶ The depth of oxidation zone from the climax position to low position(from 
A to B to C) tends to be shallow in two seasons. It show that the time of periodic 
tide flood has significantly effect on the depth of the oxidation zone in surface 
sediment. So did the seasonal differences of bioturbation. The low ratio of Fe/P in 
surface sediment makes sediment lack enough adsorption sites in zone A and B in 
April under the oxidizing condition. It lead to unusual higher DRP concentration 
in surface oxidation zone; But the high ratio of Fe/P in surface sediment makes 
sediment absorb DRP effectively in December. With ferric iron being reduced to 
ferrous iron under the deoxidization condition, the concentration of Fe2+ and DRP 
in porewater present significant coupling relationship in vertical. 
⑷  Circulating water drainage is a major form of SGD in study area. 















5.73dm3/(d·m2)、127.13dm3/(d·m2) respectively. The flux of circulating seawater 
caused by tide is greater than wave due to the low permeability and large tidal 
range in the study area. Average phosphorus flux into the sea in April and 
December are 7.31 mg/(d·m2)、0.397 mg/(d·m2) respectively, due to the high 
productivity and high mineralization rate. Average molecular diffusion flux of 
phosphorus into the sea in April and December are 18.19μg g/(d·m2)、12.12μg 
/(d·m2) respectively. It means that circulating seawater is the main way for 
phosphorus nutrient into the sea in muddy tidal flat since its much bigger than the 
molecular diffusion flux. 
⑸ It was found that phosphorus flux into the sea in April is much greater 
than in December. High biological activity in hot and humid April contributes the 
higher concentration of phosphorus in porewater Endmember and more flux; The 
weaken of biological activity in December contributes the lower concentration of 
phosphorus in porewater Endmember and less flux. It shows seasonal variation 
significantly affects the biogeochemical process of phosphorus. Differences of 
phosphorus flux into the sea will affect the content of reactive phosphorus in 
sediments. The decrease of reactive phosphorus is due to the loss of phosphorus 
flux into the sea from April to December in the mangrove area which is not 
apparently in the bare area. The results indicate that the sediment and porewater in 
mangrove forest has high efficiency of phosphorus circulation. 
Keywords: DGT; Phosphorus- iron coupling; Biogeochemistry; Circulating 
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湖泊富营养化的磷来源（Ruban et al., 1999），因此在河口上游污染源被控制的情
况下，对于河口区沉积物以及孔隙水中磷的含量、形态以及生物地球化学过程的
研究显得尤为重要。值得注意的是，环境中的污染物（如重金属、磷、铁、有机
质等）往往共同存在，相互作用（Fitswater et al., 2000），早有研究表明，磷、铁
在调节水生环境质量及生物生产力方面扮演着重要角色，并且二者之间存在着密
切的关系（Babu et al., 2000）。铁是氧化还原敏感元素，铁氧化物是控制沉积物
对磷吸附的主要因素之一，尤其是非晶形铁氧化物对磷有强烈的吸附能力，而铁
结合态磷(Fe-P)被认为是沉积物中重要的潜在可移动磷源（焦念志，1989）。另外，
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Fe2+的氧化速度对 Fe2+和 O2 的浓度都是一级反应，对 OH
-的浓度为二级反应
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